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As chemotaxonomical markers, the flavonoid components in the leaves of Clintonia udensis (Liliaceae) 
were surveyed. Five flavonol glycosides were isolated by column and paper chromatography, and four except 
one, which was minor, were identified as follows by PC and HPLC in comparisons with authentic specimens, 
UV spectra and acid hydrolysis: quercetin 3-0-diglucoside, kaempferol 3-0-glucoside, kaempferol 3-0- 
rutinoside and kaempferol 3,7-di-0-glucoside. The pericarp anthocyanins of C. udensis var. udensis, which 
bears blue pericarp, and f. nigra (black pericarp) were also investigated to differentiate them. Delphinidin 
3-0-rutinoside and cyanidin 3-0-rutinoside were found in the pericarps of the two taxa, and it was proved 
that the difference of the colors was due to the difference of quantitative ratio of their anthocyanins. 


Introduction 

The genus Clintonia (Liliaceae) consists of several 
species and is disjunctively distributed in North 
America and East Asia (Willis 1966). Among their 
species, only C. udensis Trautv. et Mey. is native to 
East Asia including Japan. The cytological studies of 
the genus have been performed by some workers 
(Matsuura and Suto 1935, Sato 1942, Hara and 
Kurosawa 1963, Kurosawa 1966, Lee 1969, Kapoor 
1970, Nakamura and Taira 1987), but its chemical 
ingredients have not fully been investigated. Only one 
report so far published has deal with the detection of 
cyanidin 3-O-rutinoside and delphinidin 3-O- 
rutinoside from the blue pericarps of C. udensis 
(Yoshitamaandlshikura 1988). Williams (1975) failed 


to detect the flavonoids in the leaves of other two 
Clintonia species, C. andrewsiana Torrey and C. 
borealis Rafin. 

In this paper, we describe the flavonoid composi¬ 
tion in the leaves of C. udensis which was most widely 
distributed in the genus, native to East Asia and 
occasionally subdivided into some varieties and forms, 
var. udensis, var. lanceolata Hayashi, f. leucocarpa 
Hayashi (Hayashi 1954) and f. nigra Takeda 
(Mizushima 1960). Moreover, qualitative and quanti¬ 
tative comparisons of the anthocyanins were per¬ 
formed between the two taxa, var. udensis (pericarp, 
blue) and f. nigra (black), which were distinguishable 
by pericarp colors. 
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Materials and Methods 

Plant materials Clintonia udensis was collected in 
the following four places: Yashajin Pass, Yamanashi 
Pref.; Mt. Fuji, Yamanashi Pref.; Mt. Nekomagatake, 
Fukushima Pref.; and Suzuran Pass, Nagano Pref., in 
the flowering and the fruiting time in 1992. The 
voucher specimens were deposited in the Showa 
College of Pharmaceutical Sciences. 

Isolation and identification of leaf flavonoids The 
lyophilized leaves were extracted with 80% methanol 
and concentrated in vacuo. The concentrates were 
washed several times with petroleum ether and then 
extracted with ethyl acetate. Organic layer in which 
flavonoids were mostly contained was concentrated 
to dryness, dissolved with water and chromatographed 
on a polyamide column with the following solvent 
system: methanol-water, gradient from 0% to 100% 
methanol by 10%. Eluents were isolated by prepara¬ 
tive paper chromatography (PPC) and finally purified 
by Sephadex LH-20 column (solvent system: 70% 
methanol). The flavonoids were identified by HPLC 
and TLC in comparisons with authentic specimens 
and UV spectral survey, and characterization of 
aglycones and sugars which was obtained by acid 
hydrolysis. 

Fresh pericarps were extracted with MAW (MeOH- 
AcOH-H 2 0 = 20:15:65) and concentrated to a small 
volume. The crops were chromatographed on a 
Sephadex LFI-20 column (solvent system: MAW) 
and then subjected to paper chromatography (solvent 
system: n-BuOH-AcOH-H 2 0 = 4:1:5, upper phase). 
Purified anthocyanins were identified by HPLC, PC 
and acid hydrolysis in general way (Hayashi et al. 
1989). 

Acid hydrolysis Glycosides were hydrolyzed with 
10% HC1 for 0.5 hr at 100°C. The hydrolysates 
(aglycones and sugars) were identified as usual 
(Hayashi et al. 1989) by HPLC and PC. 

UV spectra UV spectra were measured in methanol 
solution in addition to usual shift reagents (see, Table 


2) according to Mabry et al. (1970). 

HPLC survey HPLC separations of flavonol 
aglycones, anthocyanins and anthocyanidins were 
performed with Shim-pak CLC-ODS (I.D., 
0.15mm x 6.0cm) column, Shimadzu SPD-M6A de¬ 
tector, at flow-rate: 1.0 ml/min, detection: 275 nm 
(flavonols) or 530 nm (anthocyanins and antho¬ 
cyanidins) according to Hayashi et al. (1989). 80% 
MeOH (for flavonol aglycones) and MeOH-AcOH- 
H 2 0 (20:15:65) (for anthocyanins and anthocyanidins) 
were used as eluents. 

Results 

Leaf flavonoids Four ( 1 - 4 ) of the five flavonoids 
were isolated, were obtained in crystals or in pure 
solutions and identified as described below. 

UV spectra of 1 showed the presence of free 5-, 
7-, 3'- and 4'-hydroxyls and a substituted 3-hydroxyl 
group (Table 1). An aglycone obtained by acid hy¬ 
drolysis was identified as quercetin by HPLC com¬ 
parison of retention time (Rt) and absorption maxima 
with authentic specimen (Table 3). Rf values of 
glycosidic sugar coincided with that of authentic 
glucose on the chromatogram (Table 3). Moreover, it 
was proved by Rf, especially with 15% AcOH, of 
TLC that flavonoid 1 was diglycoside (Table 1). 
Thus, flavonoid 1 was identified as quercetin 3-0- 
diglucoside (Fig. 1). 

UV spectra of 2 showed the presence of free 5- and 
4'-hydroxyl and substituted 3- and 7-hydroxyl groups 
(Table 2). An aglycone and a sugar, which were given 
by acid hydrolysis, were identified as kaempferol and 
glucose, respectively, by HPLC and PC comparisons 
with authentic samples (Table 3). From the results 
described above, flavonoid 2 was identified as 
kaempferol 3,7-di-O-glucoside (Fig. 1). 

Acid hydrolysis of flavonoid 3 gave kaempferol 
and glucose, which were identified by HPLC and PC 
comparison with authentic specimens (Table 3). It 
was shown by UV spectra that glucosyl moiety was 
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OH 


R, = OH, R 2 = diglucosyi, R 3 = H : quercetin 3-diglucoside (1) 

R, = H, R 2 = R 3 = glucosyl : kaempferol 3,7-diglucoside (2) 

r 1 =H, R 2 = giucosyl, R 3 = H: kaempferol 3-glucoside (astragalin, 3) 

R, = H, R 2 =rutinosyl, R 3 = H : kaempferol 3-rutinoside (nicotiflorin, 4) 



OH 


R = OH : delphinidin 3-rutinoside (5) 

R = H : cyanidin 3-rutinoside (keracyanin, 6) 


Fig. 1. The structures of flavonols and anthocyanins in Clintonia udensis. 


attached to 3-hydroxyl of kaempferol (Table 2). Ac¬ 
cordingly, flavonoid 3 was regarded as kaempferol 3- 
O-glucoside (astragalin, Fig. 1). 

UV spectra of flavonoid 4 indicated the presence 
of free 5-, 7- and 4'-hydroxyl and a substituted 3- 
hydroxyl group (Table 2). An aglycone and two 
sugars were obtained by acid hydrolysis and identi¬ 
fied as kaempferol, glucose and rhamnose, respec¬ 
tively, by HPLC and PC behaviors (Table 3). Finally, 
PC and HPLC data of flavonoid 4 completely agreed 
with authentic kaempferol 3-O-rutinoside (nicotiflorin, 
Fig. 1; Table 1). 

Pericarp anthocyanins From the blue pericarps of 
var. udensis, two anthocyanins were isolated. It was 


proved that they were delphinidin 3-O-rutinoside (5) 
and cyanidin 3-O-rutinoside (keracyanin, 6) by HPLC 
and PC qualification of anthocyanidins and sugars, 
which were liberated by acid hydrolysis, and by direct 
HPLC comparison of original anthocyanins with au¬ 
thentic specimens (Table 4). 

In parallel, qualitative and quantitative HPLC sur¬ 
vey was performed on the blue (var. udensis ) and 
black (f. nigra ) pericarps. As these results, their 
anthocyanins were qualitatively identical. However, 
it was proved that the content of cyanidin 3-O- 
rutinoside was lower than that of delphinidin 3-O- 
rutinoside in the cases of both specimens, but the 
content of the former anthocyanin in black pericarp 
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Table 1. Chromatographic data of flavonol glycosides in the leaves of Clintonia udensis 




Rf values 


Colors 


BAW (PC) 

15% AcOH (TLC)* 

UV 

uv/nh 3 

1 

0.44 

0.61 

purple 

yellow 

2 

0.61 

0.71 

purple 

dark greenish yellow 

3 

0.78 

0.43 

purple 

dark greenish yellow 

4 

0.85 

- 

purple 

dark greenish yellow 

authentic sample: 




kaempferol 

- 

0.71 

purple 

dark greenish yellow 

3-rutinoside 






BAW = n-BuOH-AcOH-H 2 0 (4:1:5, upper phase). 1 = quercetin 3-diglucoside, 2 = 
kaempferol 3,7-diglucoside, 3 = kaempferol 3-glucoside and 4 = kaempferol 3-rutinoside. 
* Abisel SF cellulose plate. 



Fig. 2. Comparison of anthocyanin contents, delphinidin 3- 
rutinoside (□) and cyanidin 3-rutinoside (H), in blue (var. 
udensis, A), intermediate (B) and black (f. nigra, C) pericarps 
of Clintonia udensis. 


was relatively higher than that of blue one (Fig. 2). 

Discussion 

The flavonoids which were found in the leaves of 
Clintonia udensis in this experiment were the 
glycosides of quercetin and kaempferol. On the other 
hand, these flavonol glycosides have not been de¬ 
tected from C. andrewsiana and C. borealis in North 
America although flavonols occur most frequently in 
the family Liliaceae (Williams, 1975). Williams re¬ 
ported that quercetin and kaempferol were detected in 


40% and 42% in the leaf survey of 168 species of the 
family. Though we surveyed only four populations of 
C. udensis in Japan, their flavonoid compositions 
were, at least, qualitatively uniform. The fact seems to 
show that the occurrence of quercetin 3-0-diglucoside, 
kaempferol 3-0-glucoside, kaempferol 3-0-rutinoside 
and kaempferol 3,7-<7/-0-glucoside is the diagnostic 
chemotaxonomic feature of C. udensis , but a few 
North American species remain unanalyzed. 

As anthocyanins in the blue pericarps of C. udensis 
var. udensis, delphinidin 3-0-rutinoside and cyanidin 
3-0-rutinoside have been found by Yoshitama and 
Ishikura (1988), which were also confirmed in this 
experiment. We also surveyed about the anthocyanin 
components in black pericarps of C. udensis f. nigra 
which was distinguished from var. udensis by their 
pericarps colors (Mizushima 1960). The quality of the 
anthocyanins was the same, while only the ratio of the 
two anthocyanin contents between two taxa was dif¬ 
ferent. Moreover, intermediate pericarp color in two 
taxa has been recognized by Mizushima (1960). It 
was shown that its anthocyanin composition was also 
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Table 2. UV spectral data of flavonol glycosides in the leaves of Clintonia udensis 





X max (nm) 




in MeOH 

+NaOMe 

+A1C1 3 

+AICI 3 /HCI 

+NaOAc +Na0Ac/H 3 B0 3 

1 

252 

268 

270 

267 

265 

265sh 


344 

341 

417 

360 

341 

341 



423 


398 

417 

382 



(inc) 





2 

267 

273 

274 

274 

264 

266 


341 

387 

341 

341 

341 

305 



(inc) 

380 

383 

381 

342 

3 

267 

275 

268 

275 

275 

267 


341 

326 

300 

302 

306 

341 



341 

341 

341 

381 




400 

381 

381 





(inc) 





4 

267 

276 

280 

275 

274 

268 


341 

330sh 

304 

303 

309 

313 



341sh 

341 

341 

380 

341 



381 

380 

380 





(inc) 






inc = remarkable increase in intensity relative to the methanol spectrum, sh = shoulder. 


Table 3. Rt (retention times) of aglycones and Rf values of Table 4. Rt (retention times) and Rf values of anthocyanins, 
sugars by acid hydrolysis from flavonol glycosides in the and their hydrolysates (anthocyanidins and sugars) in the 

leaves of Clintonia udensis pericarps of Clintonia udensis 



Aglycones* 

Sugars** 


Anthocyanins 

Anthocyanidins 

Sugars 

Compounds 

Rt (min) 

Rf values 

Compounds 

Rt (min)* 

Rt (min)* 

Rf values** 

1 

3.67 

0.37 

5 

5.63 

4.37 

0.25, 0.41 

2 

4.12 

0.38 

6 

6.96 

6.17 

0.25, 0.40 

3 

4.13 

0.37 

authentic specimens: 



4 

4.12 

0.37, 0.63 

delphinidin 

5.74 

_ 

_ 




3-rutinoside 




authentic specimens 










cyanidin 

6.82 

- 

- 

quercetin 

3.59 

- 

3-rutinoside 




kaempferol 

4.14 

- 

delphinidin 

- 

4.44 

- 

glucose 

- 

0.39 

cyanidin 

- 

6.18 

- 

rhamnose 

- 

0.59 

glucose 

- 

- 

0.26 

*HPLC: Eluent, 80% MeOH; flow-rate, 

l.Oml/min; detec- 

rhamnose 

— 

— 

0.41 

tion, 275nm; column Shim-pack CLC-ODS 0.15mmx6.0cm. 





**PC: solvent system, BAW 

= n-BuOH-AcOH-H 2 0 (4:1:2, 

*HPLC: Eluents; MAW=MeOH-AcOH-H20 (20:15:65), flow- 

upper phase). 



rate; l.Oml/min. Detection: 530nm. 





**PC: solvent system; BAW 

= n-BuOH-AcOH-H 2 0- (4:1:5, 




upper phase). 
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qualitatively identical with those of two taxa, and 
their contents continuously varied from blue to black 
via intermediate color (Fig. 2). Thus, two taxa, var. 
udensis and f. nigra are not chemically distinguish¬ 
able. 

In this preparatory experiment, we surveyed only 
C. udensis which was only distributed in East Asia in 
the genus Clintonia. Its flavonoids seem to be differ¬ 
ent from those of two species from North America. 
Further survey of other Clintonia species are now in 
progress. 
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